Abstract: (1) Background: Air quality apt to deteriorate in decades in China, people are seeking improvement measures. To assess the willingness to pay (WTP) for improved air quality among manufacturing workers and associated factors influencing their WTP. (2) Methods: A cross-sectional questionnaire survey was conducted in combination with contingent valuation in Nanchang between September and October of 2015. A face-to-face interview was conducted to obtain basic demographic information from manufacturing workers and to understand their WTP for air quality improvement. (3) Results: A total of 600 effective questionnaires were collected in this study and showed that more than half of the respondents (53%) expressed their WTP for improved air quality. Multivariable logistic regression analysis revealed that the main factors associated with manufacturing workers' WTP were their residence areas, education level, annual household income and travel experience. (4) Conclusions: These findings have provided (a) important information of the concern and desire for air pollution control through their WTP from manufacturing workers, (b) baseline information for the policy-maker and local government for their development of more effective policy in air pollution prevention and control and (c) the need for more study for WTP among different population groups in future.
Introduction
With the rapid development of world economics, prominent air pollution has become more serious today and increased adverse impact on human health has been reported due to the excessive emissions from industrial and other resources [1] [2] [3] . A previous report indicated that air pollution has negative impact on chronic diseases of cardiovascular system and respiratory system and also accelerate the occurrence of chronic diseases [4] . China is accounted for 17% of the total amount of death around the world due to air pollution [5] .To address this problem, Chinese government has taken many corresponding measures including the development and enforcing a New Air Quality Standards and endorsed more funding (about $14.7 billion) [6] . However, the air pollution has remained to be a notable and challenging issue in China and the amount of government money invested is still very
Sampling Method
Stratified cluster sampling method was applied in this survey study and 6 districts in Nanchang were divided into high-, middle-and low-level income groups basing on the annual average income (two districts per group). Then one district was randomly selected from each group. One larger industrial area was selected from each district including Wanli industrial area from Wanli district (low-income district), Changnan industrial area from Qingyunpu district (middle-level district) and Changdong industrial area from Qingshanhu district (high-income district). Based on the previous study of air quality carried out in Nanchang [7] , a sample size of 690 was targeted and 230 manufacturing workers were randomly selected from each selected industrial area. Since the in-person interviews were considered as preferable to mail or telephone surveys to achieve contingent values [28] and also considering different educational level of manufacturing workers, a face-to-face interview method was carried out in this study. With the assistance from the industrial managers, the interview was conducted between September and October in 2015. The survey study was carried out by the trained and qualified graduate students of Nanchang University and thus the quality of data collection and avoidance of any response bias were ascertained.
Questionnaire
We used contingent valuation method to evaluate WTP in this study. Respondents need to take air quality as hypothetical goods and consider their preferences to decide whether they are willing to pay for improved air quality. The content of questionnaire was based on the previous study [29] with modifications according to the advice and suggestion from public health experts and the results of a pre-test survey with a sample size of 30. In this questionnaire, all respondents were required to provide following information: age, gender, educational level, household register, average annual household income (AAHI) (some modifications based on previous study); Travel experience: it includes both national and international travel experience. Self-reported health status: it's a gross assessment of one's physical condition by themselves, not from professionally clinical examination (good-very healthy, general-not currently sick, poor-currently sick); The respondents' WTP for improved air quality by asking "Are you willing to pay a certain amount of money every month to improve the current ambient air quality to a level such as nature reserves, scenic spots, etc."
Statistical Analysis
EpiData3.1 (EpiData Association, Odense, Denmark, http://epidata.dk) was employed to set up the database and survey data were entered using double entry verification method and logical verification to ensure the accuracy. Statistical package IBM SPSS 19.0 (IBM Corporation, Chicago, IL, USA, http://www-01.ibm.com/software/analytics/SPSS/) was applied to analyze data. Chi-square tests were applied for demographic factors including respondents' gender, household register, age, educational level, AAHI and health statues. Multivariate logistic regression was used to assess the relationship between the respondents' social demographics and their WTP. The outcome in logistic regression analysis is often coded as 0 or 1, where 1 indicates that the outcome of interest is present and 0 specifies that the outcome of interest is absent.
Logistic regression model:
P, as the dependent variable is the probability of 1, β 0 is a constant, β n is the regression coefficient, X n is the influence factors of the willingness to pay. The detailed assignment was shown in Table 1 . Two-sided p-values of less than 5% were considered to be statistically significant. B the rate of change in Y (the dependent variables) as X changes; Crude odds ratios (OR) represents the effect of a predictor X on the likelihood that Y will occur. And 95% confidence interval (CI) were obtained from multivariate logistic regression analysis.
Results

Sample Characteristics
The study was conducted on a total of 690 subjects but 600 questionnaires were completed and valid (response rate 87%). These collected questionnaires after excluding unqualified ones (showing identical answer for all questions or missing answers extensively) were organized, numbered and enrolled for data analysis. As shown in Table 2 , local residence and males constitutes a high proportion of respondents, accounting for 83.0% and 60.5%, respectively. The age of these manufacturing workers ranges from 18 to 60 and majority respondents lie between years 18 and 49 (87.7%). Nearly 70% of respondents had the AAHI to be RMB 25,000 or more. The large majority of manufacturing workers reported that they were in good health status (78.3%). And more than 70% of participants had national travel experience including nationally and 12% participants had international travel experience. A total of 320 manufacturing workers showed their willing to pay for improving air quality in this study, which account for 53.3%. 
Analysis of Manufacturing Workers' Attitude
Chi-square test was conducted to examine the distribution of independent variables for WTP and revealed that WTP were significantly associated with respondents' age (χ 2 = 10.871, p < 0.05), educational level (χ 2 = 7.949, p < 0.05), AAHI (χ 2 = 40.250, p < 0.001) and travel experiences (χ 2 = 12.525, p ≤ 0.001) as shown in Table 3 . Table 3 . Chi-square test for the demographic factors associated with respondents' WTP (n = 600). 
Demographics
Analysis of Influencing Factors for WTP
Multivariate logistic regression analysis was conducted to determine if the social demographics are associated with manufacturing workers' attitude of WTP. As shown in Table 4 , these demographic variables including household registration, age, annual household per capita income, educational level and travel experience have significant effect on their WTP of the manufacturing workers (p < 0.05). In particular the workers with local residence registration showed more intention of WTP than those registered as a resident in other cities (OR = 1.65). The respondents' WTP is positively associated with their educational level, especially much higher education background groups. Comparing to respondents holding high school education or lower, the odds ratios of WTP for those respondents with bachelor's degree and master degree are 1.490 and 6.708, respectively. In addition, the AAHI was strongly positively correlated with the WTP. Furthermore, participants with international travel experience are less willing to pay for air quality improvement as compared to those who had no traveling experience. 
Discussion
The air quality has dominated public concern for past a few years in Nanchang. Main energy structure of the city is coal dominated which could lead to heavy air pollution, especially in industrial area [30] . The rate of good air quality declined from 95.1% in 2009 to 86.5% in 2016 [31] . The government has started to take measures since last decades [30] . Therefore, control of air pollution and improvement of air quality has been a long-term battle and unreached goal [32] . In past decades, Chinese policy has been emphasized much more on its economic growth but relatively less on environmental issues. Until recent years, environmental problems have recently emerged and focused primarily in air pollution and its related health impact [33] [34] [35] . The findings of air pollution from these recent studies have attracted more attention from local public and government's attitude and accelerated their intention in air quality improvement [36] [37] [38] . The CVM was chosen for this study since it is the most widely applicable method to express effective assessment values of the environment goods [39] [40] [41] [42] . Environmental resource, as an intangible good, does not have a market price, so it is usually measured basing on people's WTP to expressed the economic values of the environment [43] [44] [45] [46] . Actually, this method of measurement contains several different formats including open-ended, biding games and dichotomous choices, which is considered the best way to reflect the authentic thoughts of the participants' WTP [47] . Given that previous studies have been mainly focused on residents, parents and caretakers [17, 29, 37] , this study is designed to understand the perception of WTP from manufacturing workers. Being an urban population group in cities engaged in industry process, which are linked to large air pollutants [48, 49] , manufacturing workers' attitude to current air pollution could be particularly interested and important. Although Chinese government introduced relevant measures, the reduction of air pollution would curb economic development to a certain extent, then people's attitude is necessary [50] .
In this study, we focused on the manufacturing workers to analyze factors that affected their willingness to pay from out-of-pocket payment to improve air quality. Nearly 88% of respondents in this study were between 18-49 years old and they are at the most robust years of a person's life. In Chi-square test, the respondents' age is a statistically significant factor affecting their WTP. A previous study conducted in China demonstrated that respondents' age has a negative relationship with the probability of positive WTP [51] .
In addition, our findings indicated that manufacturing workers' annual income is significantly linked with their WTP. People whose AAHI ≥ 50,000 have 0.309 odds of unwilling to pay compared to odds of ≤24,999. These findings are consistent with the reports from other research groups showing that these two factors have a positive effect on their WTP [45, 52] . A survey study conducted in Sweden also showed that the respondents' WTP is significantly related to their income and education [53] . People with low AAHI are generally less willing to pay more for improving air quality since they are under highly financial pressure of making a living for their families and they have not time to thinking about air quality issue of considering improvement of air quality is not their priority. A recent study has assessed the value of WTP for smog mitigation and concluded that lower income people are more likely to expect the government or the pollutant firms rather than the public to take the responsibility for pollution control [54] .
The results of this study showed that the WTP among manufacturing workers are positively related to their educational level, which is consistent with the previous findings [15, 55] . The participants with BS and MS degrees have 1.490 and 6.708 odds of unwilling to pay compared to odds of high school. Lower educational background may limit the interest of the workers to get more information about health, environment and government policy. It proved that high education had a significantly positive relationship with WTP for improved air quality, indicating educational level is an important factor in explaining WTP.
Among 600 respondents, 102 manufacturing workers are external residents and they have 1.649 odds of unwilling to pay compared to odds of local, the local residents are more willing to pay. This finding is in agreement with a recent report stating that WTP is closely related to respondents' resident location [16] . This is interesting and important since local residents regardless their occupations often have a family and have lived in the local community for a long time. Therefore, they care about more and have the desire for clean air and more health living environment. However, gender was also identified to be a factor affecting people's WTP in the report [7, 15] , which was not confirmed in this study. A possible explanation for this discrepancy finding may be partially due to the different nature of respondent occupations. In general, people with poor health status would have higher WTP [55] but this was not confirmed in this study. One possible explanation of this observation may be due to that health status is the feeling of a self-reported condition by participants at the survey time with no clinical testing data and reports and thus the poor health condition may be the result of many other illnesses but not necessarily due to poor air related respiratory and lung diseases [7, 56] .
It is also interesting to find that manufacturing workers with international travel experience are less willing to pay for air quality improvement in this study. This finding is not expected since it is generally believed that travelers have more experience of good air quality in other cities and countries and thus should have a more desire for better air quality environment [16, 17] . One potential reason is that the responders think they have already paid a lot of taxes when compare with other countries or areas and believe that the government should play a leading role regarding citizens' action [54] . Also, the nature of low income and family economic condition in Nanchang may be another possible reason for the less WTP [27] . Therefore, more followed study is needed in the future to understand the negative connection between the travel experience and the WTP. This result implies that the national and international travelers may imply the nature of their financial capability but it cannot simply apply to manufacturing workers and other population groups.
In our study, more than 53% of manufacturing workers in Nanchang are willing to pay for better air. Previous studies conducted in Nanchang regarding air quality improvement showed the high WTP rate (>78.5%) from local residents but low rate (<45%) from government employees [16, 29] . These findings also revealed the dispute attitude on the same issue (air quality) from different population groups. In particular, local residents such as caretakers and children parents are prone to give concern on air quality because they considered their children's health to be paramount. However, manufacturing workers are a group of population who often need to work hard to make a living rather than thinking about the air quality issue. Altogether, findings from this study and previous ones strongly suggest that different approaches be taken for different population groups in term of air pollution control and improvement in futures.
Limitations
This survey was conducted on the basis of CVM but the questionnaires did not ask for the exact amount of money to be paid from the participants and thus we did not analyze the actual amount of money for WTP in this study. And also, the variables didn't include detailed parenting status. In addition, the survey participants were limited to manufacturing workers in Nanchang but did not include other kinds of workers such as constructional and environmental workers in other areas and these workers are particularly suffering the risk of air pollution. Thirdly, we didn't apply sample weight in statistically analysis for regarding it was a stratified cluster sampling. One reason is that the respondent workers were selected based on factory names but the total number and the composition structure of the entire industrial workers were not known. Other reason includes the high fluidity of the workers and this could also be a challenge to calculate sampling weight. Therefore, application of the findings from this study to other regions needs to be done cautiously.
The future study should be conducted by avoiding the limitations stated above. For example, the research should focus on investigating how much the respondents would like to pay since this is crucial for policy makers and the biding way in auction is also one of the approaches. The detailed backgrounds and other kinds of vocations of the respondents can lead to more reliable and scientific results. Moreover, more scientific statistical analysis methods should be applied in further study.
Conclusions
In this study, we have revealed that over 50% of manufacturing workers in Nanchang are willing to pay for improving air quality. In addition, manufacturing workers' educational level, AAHI and travel experience are important factors influencing their WTP. These findings might place the interesting ground of WTP from manufacturing workers for other population groups and encourage for more in-depth study in future with larger number of participant workers in different regions. This new information could be useful to local government in their consideration of fund-raising approaches and also in the development of more enhanced and practical policy and strategy for the prevention and control of the air pollution in Nanchang.
